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This invention relates to coaxial electrode probing 
apparatus, and in particular, an improved coaxial needle 
electrode employed as a probing device and an improved 
method for making same. 
The instant application is a continuation-in-part of 

the now abandoned Serial No. 697,986, filed Novem 
ber 21, 1957, for Coaxial Electrode Structure and a 
Method of Fabricating Same. 

Coaxial electrode needles currently in use particularly 
those employed in medicine and biology for sensing elec 
trical activity of tissue are fraught with certain serious 
limitations. The electrode is essentially a long, thin, 
cylindrical current conducting needle provided with a 
centralized through bore through which an inner con 
ductor wire is suspended. The inner conductor wire is 
generally coated with a varnish for the purpose of main 
taining the inner conductor electrically insulated from 
the needle shaft of the electrode, which shaft serves as 
the electrode outer conductor. 
As well known and appreciated by those skilled in 

the art, the electrodes currently in use have a relatively 
short life. The varnish or other insulating material coated 
on the centralized inner conductor breaks down in a 
relatively short time during use to cause electrical shorts. 
Of far more serious consequence, it is also well known 
that the prior art needle electrode cannot withstand the 
prescribed method of sterilization by means of autoclav 
ing. The high temperature generated during autoclaving 
sterilization usually causes breakdown of the varnish in 
Sulation to short the needle conductors. Consequently, 
persons in the medical field often resort to the proscribed 
method of inserting the probing end of the needle in 
alcohol or some other liquid sterilizer to avoid insula 
tion breakdown in order to prolong the life of the elec 
trode. In addition, it is well known that the fabrication 
of prior art needle electrodes as practiced heretofore is 
not a simple procedure and is subject to a great deal of 
Wastage. 

It is, therefore, the principal object of the instant in 
vention to provide an improved coaxial probing electrode 
and an improved method of making same wherein the 
problems attending fabrication of such electrodes here 
tofore experienced have been substantially eliminated par 
ticularly the problem of wastage. For example, by 
threading the electrode needle shaft on an inner con 
ductor wrapped with fiber glass, it is found that by solidi 
fying the fiber glass at the lead end of the sheathed 
wire, the needle may be easily threaded. 

It is a further object of the instant invention to pro 
vide improved coaxial probing apparatus wherein the 
structure is sufficiently strong by virtue of its novel fea 
tures to withstand autoclaving sterilization so that the 
life of the electrode is rendered substantially infinite, 
that is to say, electrical shorts resulting from breakdown 
of insulation whether by reason of autoclaving or other 
wise has been substantially eliminated. 

It is a further object of the instant invention to provide 
a method for fabricating coaxial electrode probing ap 
paratus which renders the manufacture of same economi 
cal and relatively simple and which permits the construc 
tion of a multi-inner conductor electrode with equal 
CaSC. 
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Further objects and advantages will become apparent 

from the following description of the invention taken 
in conjunction with the figures, in which: 

FIG. 1 is a longitudinal plan view, illustrating the 
technique of threading a plurality of electrode needle 
shafts on a fiber glass wrapped inner conductor and 
also illustrates a segment of an exposed portion of the 
sheathed wire dabbed with a non-toxic, inorganic resin 
in accordance with the practice of the instant invention; 

FIG. 2 illustrates the coaxially mounted needle shaft 
depicted after same is bonded to the sheathed wire and 
wherein the wire has been cut in preparation for the 
final steps of manufacture of the coaxial needle elec 
trode; 

FIG, 3 is a cross-section of the sheathed wire em 
ployed in accordance with the practice of the instant in 
vention and is taken along line 3-3 of FIG. 1; 

FIG. 4 is a cross-section of the same wire except that 
it illustrates the section thereof dabbed with bonding 
resin prior to drawing the needle shaft thereover and 
is taken along line 4-4 of FIG. 1; 

FIG. 5 is a cross-section of the needle shaft centered 
over the sheathed wire prior to sliding same over the 
coated section depicted by FIG. 4 and is taken along 
line 5-5 of FIG. 1; 

FIG. 6 is a cross-section of the needle electrode taken 
along line 6-6 of FIG. 2; 

FIG. 7 is a longitudinal plan, exploded and sectional 
view, partly cut away, also showing the probing end of 
the apparatus suitably finished and is taken along line 
7-7 of FIG. 6; 

FIG, 8 is a longitudinal view in cross-section showing 
the elements comprising the electrical spiced end of 
the needle electrode prior to completed assembly thereof; 

FIG. 9 is a longitudinal exploded sectional view, 
partly cut away, of the completed coaxial needle wherein 
the electrical spliced end of the needle shaft is shown 
in detail with insulating sleeves thereabout for securing 
that portion of the electrode needle against electrical 
shorts and for providing a mechanical handle surface; 

FIG. 10 illustrates one method of bundling a sheathed 
wire in order to thread a needle shaft thereon for the 
purpose of fabricating an electrode having more than 
one inner conductor; and 

FIG. 11 is a cross-section of the needle electrode taken 
along line 11-11 of FIG. 10 but with the bonding ma 
terial interspersed between the inner conductors and 
bore surface of the needle shaft. 

Reference is now made to the figures which illustrate 
the application of the aforesaid method and structural 
improvements with respect to a coaxial needle electrode 
adapted for use with an electromyograph amplifier de 
signed for the purpose of sensing minute and rapidly 
changing neuromuscular potentials in the study of in 
trinsic electric activity of the nerves and skeletal muscles 
of a human body. However, it should be understood 
that the improvements are equally applicable to other 
types of probing apparatus of like characteristics. 

Essentially the electrode 10 includes a needle shaft 
11 of suitable longitudinal length. Needle shaft may 
be made of stainless steel and has a centralized and 
cylindrical through bore 12. The improvements claimed 
herein are believed best illustrated by describing the 
fabrication of probing electrodes in accordance with 
the improved method. A plurality of needle shafts 11 
are threaded on a sheathed wire i3 in the direction of 
arrow A. This is depicted in FIG. 1 wherein sheathed 
wire 13 is unraveled from its spool. In accordance with 
the teachings of the instant invention, sheathed wire 13 
will consist of at least one layer of fiber glass 14 wrapped 
around a current conducting wire 15. Since wire 5 is 
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designed to serve as the inner conductor of the electrode 
probe, it is made of electrical conducting material, such 
as, nickel chronium alloy, silver, stainless steel, platinum 
or any other suitable conducting material, selection of 
which will be determined by the purpose to which the 
probe is to be put. 

Fiber glass is an excellent electrical insulator, and, in 
addition, is mechanically strong to provide desired ine 
chanical support for wire 15 during fabrication of elec 
trode 10. In the preferred embodiment, sheath 14 should 
include two layers of fiber glass wound one upon the 
other, spiral fashion, in opposite directions about inner 
conductor 15 in order to provide a sturdy, mechanically 
strong structural support for wire 15. This feature 
contributes to the elimination of breakage of said wire 
during fabrication of needle electrode 10 and during its 
Subsequent use as a probing instrument. 

In accordance with the practice of the invention, the 
lead end of fiber glass wrap 4 is solidified, depicted as 
B in FIG. , by heating such end and then cooling same 
to transform the fiber glass at end B to a "glass.' When 
the fiberglass wrap is substantially solidfied at B, needles 
11 are easily threaded on sheathed wire 13 as the lead 
end B is snaked through needle shafts 11, because the 
lead end B will not unravel or bunch. Thereafter, two 
or more needle shafts 11 are suitably threaded on 
sheathed wire 13. FIG. 1 shows two needles already 
threaded on sheathed wire 13 and the third about to be 
threaded thereon. Thereafter, the lefthand end of 
sheathed wire 13 may be cut, for example, at point C, 
as illustrated in FIG. 1. The insulating sheath 14 at the 
ends B, C may be cut back so as to expose wire 15 
thereat. Sheathed wire 13, with the needles 11 mounted 
thereon, is then suspended in taut-like manner between 
two terminal posts, which posts are suitably connected 
to an electrical source. Mounted needle shafts 1 are 
then axially spaced apart one from another by a suitable 
distance to expose a section or segment of sheathed wire 
13. 
A non-toxic, organic resin 16 is dabbed on as many 

exposed portions of sheathed wire 3 as there are needles 
11 mounted thereon. One of such resin coated exposed 
portions is depicted in FIG. 1 by the notation "coating.” 
Thereafter, each individual needle 11 is passed over a 
respective resin coated section of sheathed wire 13 by 
longitudinally displacing the needle shafts 11. Among 
other things, resin 16 is designed to bond needle shafts 1 
to sheathed wire 13. Therefore it will be understood that 
each resin coated section of sheathed wire 13 will coex 
tend axially at least the length of the needle drawn there 
over. About this time, or just prior thereto, or soon 
thereafter, an electric current is caused to pass through 
the suspended sheathed wire 13 in order to heat same. 
It is perhaps preferable to start current flow through 
sheathed wire 13 soon after resin 16 is dabbed thereon 
and before sliding needles 11 over the corresponding 
resin coated portions because this will cause the coating 
of resin 16 to thin out along and flow into the fiber glass 
wrap 14 and thus facilitate impregnation of the fiber 
glass with resin 16. 

In addition to the increased structural support supplied 
by fiber glass 14, this wrapping material also provides a 
uniform diametered sheath. The uniform diametered 
sheath inherently accommodates accurate centering of 
wire 15 with respect to needle shaft bore 12 at the time 
needle 11 is drawn over the resin coated section of 
sheathed wire 13 such that during fabrication of elec 
trode 0 and after resin 16 is cured, wire 15 is maintained 
substantially centered with respect to the coaxial needle 
shaft 11. Consequently, it will be understood that the 
inner conductor wire 15 is spaced from needle shaft 11 
by a resin impregnated sheath 14 and resin 16 filling up 
the remaining concentric space between wrap 14 and 
needle bore 12. This structural combination contributes 
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4. 
measurably to eliminating electrical shorts particularly 
at the probing end 17 of electrode 10 after such probing 
end is machine finished as shown in FIG. 7 which as 
sures that the exposed end 18 of wire 15 is suitably 
spaced from the surrounding coaxial structure of needle 
shaft 11 at such probing end. 
The heat generated by current flow through sheathed 

wire 3 commences curing of the dabbed resin 16 for 
the purpose of permanently bonding said sheathed wire 
to needle shaft 11. In summary, it will be understood 
that the use of fiber glass with the bonding resin 16, to be 
described in further detail hereinafter, provides certain 
structural advantages as well as facilitating fabrication of 
the electrode needle 10. The resin impregnated fiber 
glass in combination with the resin filler in the coaxial 
space between wrap 14 and needle shaft bore 12 improves 
the structural strength of the insulating medium which 
rigidly maintains inner conductor wire 15 within needle 
shaft 1 to increase longevity of the probing instrument 
as well as improving its insulating characteristics. And 
moreover, as noted hereinbefore, this combination main 
tains said inner conductor wire substantially centered 
within the needle bore. 

Inasmuch as needle electrode 10 will be used to sense 
portions of a human body, it is important that a non 
toxic resin is used for bonding and insulating purposes. 
To achieve this requirement, thermosetting resin 16 is 
made up of a mixture of an epoxy and polyamide, the 
latter serving as a catalyst or curing agent. It is, there 
fore, a further feature of the instant invention to employ 
as a bonding and insulating agent in combination with the 
foregoing needle electrode structure, a mixture made up 
of an epoxy resin, such as Epon 815, or Epon 820 or 
Epon 828, sold by The Shell Chemical Corporation, mixed 
with a polyamide resin such as Versamid #125 sold by 
The General Mills Corporation. The non-toxic, organic 
mixture 16 is composed of approximately 3 parts by 
weight of any one of the aforesaid epoxy resins with 
approximately 2 parts by weight of the aforesaid poly 
amide. 
As noted hereinbefore, curing is initially commenced 

by passing a current through the suspended wire. To ac 
celerate curing, it may be desirable to insert the suspended 
wire with the needles mounted thereon in an oven, such 
as infra-red oven, and to heat the same to 115° C. 
During this accelerated heating process, current flow 
through wire 15 may be cut off. When the structures are 
heated for curing the resin either by current flow or 
by oven, it will be understood that the temperature of 
the structures is not raised to a value which would cause 
the fiberglass wrapping 14 to solidify and convert to glass. 

After needles 11 are suitably bonded to sheathed inner 
conductor 13, the bonded structures are separated by 
cutting the wire extending from the needles at D and D' 
depicted in FIG. 2. D', it will be understood, is at the 
probing end of needle 11. The sheathed wire 13 pro 
jecting from the other end of needle 11 is permitted to 
extend a suitable distance out from the needle, depicted 
as D on FIG. 7, so as to prevent a short between inner 
conductor wire 15 and needle shaft 11. The sheath. 
14 at the extreme end of Dii will be cut back to permit 
an electrical splice to wire 15. It is also noted that 
needle shaft 11 has an enlarged portion 19 between its 
ends. A pair of twisted lead-in conductors 20, 21 are 
individually connected to the current conducting com 
ponents of needle electrode 10 wherein one end of con 
ductor 20 is soldered to the rear inclined wall of en 
larged portion 19 and the correlated end of conductor 
21 is soldered at 22 to the exposed extreme end of wire 
15. The opposite ends of conductors are provided with 
well known plugs 23. Soldered connections are desirable 
because they provide low noise contact characteristics 
when probe 10 is used for electrical measurements. 
The soldered connections of conductors 20, 21 to 

needle shaft 11 and wire 15 are protected against shorts 
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. . 5. A coaxial needle electrode comprising, an electrical 
iconducting needle shaft having a through bore, a plurality 
r of electrical conducting wires extending through said nee 
I die bore and each wire having at least a single layer of 
fiber glass wrapping, a non-toxic resin impregnating said 
wire wrapping and interspersed between the sheathed 

- wires and bore surface of said needle shaft and thus filling 
the spacing therebetween and bonding the inner conduc 

... tors to said needle shaft, the probing end of said coaxial 
: electrode being suitably shaped to permit the object to 
be probed to come into electrical contact with the spaced 
apart ends of said wires exposed thereat and with the 
coaxially surrounding probing end of said needle shaft, 
said wires having bared portions at the rearward end of 
said shaft, lead-in conductors providing individual elec 
trical connections to each of said bared wire portions and 

i to said shaft, and insulating means surrounding said elec 
trical connections for protecting same and extending over 

... a substantial portion of said shaft from its rearward end 
for permitting manual holding of said electrode. 

6. Electric probe apparatus comprising, an electrical 
conducting member having a probe end and a rearward 
end and also having an internal axial bore, an electrical 
conducting wire extending along said member bore, a 
sheath - of fiber glass wrapped around said wire, elec 
trical insulating and non-toxic resin impregnated in said 
wire sheath and between same and said member for 
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bonding said sheathed wire in said member, said wire being 
electrically insulated from said member by said sheath 
and resin, said wire having a bared portion at the rear 
ward end of said member, lead-in conductors providing 
individuais electrical connections - to said bared wire por 
tion and said member, and insulating means surrounding 
said electrical connections for protecting same and ex 
tending over a substantial portion of said member from 
its rearward end for permitting manual holding of the 
probe. 

7. Apparatus as defined in claim 6 wherein said non 
toxic resin comprising, about 3 parts by weight of an 
epoxy and about 2 parts by weight of a polyamide. 
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